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ESTERMIHATICSI (F THALLIUM BY A DITHIZOHE MIXED-COLQR METHOD

Roy S« darke, Jr»> amd Frank

ABSTRACT

The absorption spectra of the thallium-dithizone mixed-color system 

are presented and discussed* An analytical procedure based on this system 

is given which is applicable to pure solutions.

In the procedure thallium is extracted with a chloroform solution of 

dithizone from a citrate-sulfite-cyanide medium at a pH of 10.6 and then 

stripoped from this chloroform solution with dilute nitric acid. The 

resulting acid solution is neutralized with sodium Isyclroxide and the pH 

again adjusted to 10 » 6 with potassium cyanide « A second extraction is 

made with dithizone and the absorbance determined at 505 n$i 0 Lead, 

bismuth, and tin (ll) are serious interferences,



HTOQDUCTI0H

The present investigation was undertaken to f lad a direct and 

sensitive eolorimetric method for tie determination of thallium in 

relatively pare solutions. A procedure of this type was required 

a contemplated study of the absorption of metal ions from solution "by 

various minerals. Neither Andersen's1 thorough review of the analytical 

chemistry of thallium nor a search of ttoe recent literature led 

to a procedure that seemed to satisfy oar requirements 0

Tbe most cofflEomly used eolorimetric method for tlae determination 

of small quantities of thaHim. has been based largely on the reports 

of Haddock2 and SiH and Peterson3 . Thalliiam (ill) is reacted with 

iodine and the final color measurement aade oa the stareh-iodine system. 

This procedure has the disadvantages inherent in an indirect measurement 

of thallium concentration and the instability of the starch«iodine system.

Fischer and Weyl4 presented the absorption spectrum of a carbon 

tetrachloride solution of thallium (l) dithizonate which had "been 

extracted from a solution containing potassium cyanide. Subsequently, 

dithizone has "been used as a means of separating thallium from other 

elements, "but it has not "been used as a coloriaetric or speetrophotometrie 

reagent for thalliuMo However, it has "been used as a "limit test" by 

Bambaeh5, where total lead and thallium are determined together in 

pharmaceutical chemicals by colorimetrie comparison of dithizone solutions.

Sandell6 suggested that dithizone could "be used as a reagent for 

the determination of thallium. An investigation of tMs system was 

undertaken "because dithixone offers the nclvsntageB of a single reagent 

"being used for the separation^, concentration, and the direct measurement



@f thallium* A procedure based oa it would also "be of cosp&rable

¥ith dithizone from as alkaline solution containing 

eya&ide aad citrate sepamtes thalliuB fro® usual concentrations of elements 

other thsaa lead# bisaEithj, and tin (II). Ibese interferences -would be 

InsigoifieaBb in the solution in ^fteieii ire were interested ©ad it urns 

thought that "by properly selecting separations this method could later be 

applied to Materials of geologic interest* Maynes aad $cBryde7 hare shown 

that extraction irith diethylsfflomonium diethyldithiocarbsaaate can be used 

to separate thallium from lead and bismuth*,

During the course of this work a number of papers have been published 

on the use of other coloriaetrie agents for the determination of thallium• 

Gur'eY8 has reported a procedure using setbyl Tiolet and Gar*err and 

Shkrobot9 one using crystal Tiolet» Voskresens&aya10 has reported 

on the use of both net&grl violet Brilliant Green. GladysheT and 

Tolstikov11 have used p-sminophenol^ and Pohl12 has made use of the 

absorption of ether solutions of thallium carbgaaate. rt Qnishi13 has 

developed a procedure using Rhodafflise B«

Apparatus

Spectrqphotoffleter* All absorbance aeasure®e22,ts imre a®de with a 

Beckman DIT spectrophotoaeter usiisg l«cm corex cells, The absorption

pH iseter« A line operated 

electrode and a sleeve-type

Shaking fflaehi&e* A ¥rist«

a special high pfl glass

electrode was used* 

laboratory sliaking machine was used,



Reagents

Water* Redistill water from an all glass still.

Thallium nitrate solution. (1*00 mg Tl/al). Dissolve 1,303 g of 

thallous nitrate in redistilled water and dilute to a liter. This 

solution is diluted to a convenient concentration just prior to use*

Sodium citrate^ 25 percent (w/w)« dissolve 250 g of reagent grade 

sodium citrate in 750 g of redistilled water*

Sodium sulfite^ 5 percent (w/w)* Dissolve 25 g of reagent grade 

(A.C.S*) sodium sulfite in %75 g of redistilled water and store in a 

polyethylene bottle*

Potassium cyanide, 5 percent (w/w)» A purified potassium cyanide 

solution is prepared according to the procedure of SandeH14 * Tb±& 

solution should "be stored in a polyethylene bottle*

Chloroform* Reagent grade (A.C*S 0 ) chloroform is redistilled with 

an all glass still*

Eithizone* Purif^ dithizone by the procedure of Sandell15. Store 

dithizone solutions in red low actinic glass bottles in a refrigerator*

Dithizone solution no, !„ (l*2 mg dithizone/15 ml)* Dissolve 8© 

ag of purified dithizone in 1 liter of redistilled chloroform.

Dithizone solutiom no. 2* (0*% mg of dithizone/15 ml). Dissolve 

27 mg of purified dithizone in 1 liter of redistilled chloroform*

Hitric aeidj, 0*OfiM. Dilute 5.0 ml of reagent grade nitric acid 

which has been redistined with an all glass still to 1 liter with 

redistilled water.

Sodium hydroxide, 0.08&. Dissolve 3*2 g of reagent grade (A.C.S.) 

sodium hydroxide in 1 liter of redistilled water. Store in a tigb&ly 

closed polyetigrlene bottle.



The procedure found most successful is the doable 

procedure given in detail here,

^Transfer an aliquot of a neutral thallium solution to a 60°mL 

separatory funnel -which has a Teflon stopcock* Add 5*0 si of 25 percent 

sodium citrate, 1.0 ml of 5 percent sodium sulfite, 2*0 ml of 5 percent 

potassium cyanide* and enough water to make a total volume of 20 ml (Tl 

solution plus HaQ equals 12 ml). Add 15.0 ml of dithizone solution no, 1 

(1.2 mg of dithizone) and snake for 10 minutes on a shaking machine*

Allow the two layers to separate for several minutes and then drain 

the chloroform layer into a clean 6&-ml separatory funnel* Rinse the 

stem of the first separatory funnel by passing 2 ml of chloroform through 

the funnel* Wash the water layer twice more "by shaking "by hand for 

about 10 seconds with 3 ml portions of chloroform. Collect all of the 

washings in the second separatory funnel taking care to empty the stem 

of the first separatory funnel each time chloroform solution is drained 

off.

Strip the thallium from the chloroform solution in the second 

separatory funnel by shaking with 0.08& nitric acid* To do this add 

15.0 ml of 0«o8jC nitric acid to the separatory funnel containing the 

chloroform solution and shake on a shaking machine for 5 minutes* Allow 

the two layers to separate for several minutes and then drain off the 

chloroform layer and discard it* Wash the water layer as before by 

first rinsing irith 2 ml of chloroform and then -wash twice more -with 

3 ml portions of chloroform being careful not to lose any of the -water 

layer.
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HeufemLize the nitric acid solution im the separatory ftaaael by 

titratiag ¥ith 0.0% soditim hydr03d.de* For this step add 0.05 al of 

approximately 0*1 percent Methyl red to the solutioa in the separatory 

foaael (the methyl red most be added carefully from a pipette as it 

coatributes to the blaak)o Md the soditm hydroxide from a burette 

uatil the first definite yellow ead point is reached. Add 2.0 ml of 

5 percent potassium cyanide^ followed "by 15»0 ml of the dilute dithizoae 

solution no. 2 (0«4 mg ditMzone) wMch has been allowed to liazm to near 

room tempemture. Extract by shaking for 10 minutes oa a shaking machine 

laserfe a filter plug ssade by rolliag half a circle of 5*5 cm dose 

textured filter paper iato the stem of the ftaaael. Draw off and discard 

the first 1 to 2 al of chloroform solution aad collect aost of reaaiader 

ia a small glass stoppered flask. Measure the absorbsnce against 

chloroform as a reference solutioa at 505 sp, iisiag l«em cells.

DISCUSSION OP EJCESOHESTAI* CdiDmOKS

Ift preliminary eacperiaeats the absorptioa spectra of the thaHinm- 

dithlzone system were obtained at a number of thallium concentrations c 

These data -were the basis for deTelopneat of a procedore for detemiaiag 

thallitaa. A citrate-st^Lfite-cyaside meditffli vas selected for the 

exfeactioa of thalliim ditMsonate trcm. aqpeous soltrfeioa and the effects 

of various factors oa this system -were stadied*

A procedure iavolviag tsro extraetioas ¥ith dithizoae is recofflaeaded 

over a sia&Le extraction from the eitrate-sulfit©-cysoide mediim for two 

reasoas* fhe double extraction procedure is someirhat more seasitive aad

more reproducible results are obtaiaed* The increase ia reproctacibility
c

tmdoubtedly results from the more readily comtrolled coaditioas ia the 
solutioa from whica the final erferacticm is made*



The absorption spectra of tbe thallitm-dltliisone mixed-color system 

obtained In preliminary experiments are given in Fig* 1* The solutions 

from ¥kLc& these curves were obtained were made by extracting an aqueous 

solution of thallium with 15.0 ml portions of & chloroform solution of 

dithizone wmicn contained 0*3 mg of ditaizone per 13 ml. The aqueous 

solutions were made to a total volume of 20 ml. They contained various 

amousfes of tmalHnm, 3 ml of 6 percent hydroxylsmine bydrocliloride, and 

their pH ma adjusted to 10.2 by the addition of 2H sodium hydroxide. 

After the extraction -was completed, tie chloroform solutions were 

filtered through a filter paper plug in the stem of the separatory 

funnel Into a glass stoppered flask. Tbese solutions were used directly 

to obtain absorption spectra •with a recording speetropihotometer. 

Chloroform was used as a reference amd measurement was made in 1-cm cells.

In Fig. 1, curve 1 represents the absorption spectrum of a chloroform 

solution of dithlzone; and it has a ny^g"!^™ at 502 m^i and a fp^wn at 

606 n|*. Curve 7 represents the absorption spectrum of pure complex, and 

it has a maximum at 512 wp, and a mlnlmiTm at 400 a$& which is not shown in 

the figure. These curves are essentially the same as those given by 

Piscner and ¥eyl4 . Curves 2 through 6 are for various levels of thallium.

In Fig. 1 there are isoabsoiptive points shown at k$8 and 555 2*1 <, A 

third isoabsorptive point was obserred at 390 s^i,. This type of absorption 

spectrum is a criterion for the existence of an equilibrium between two 

absorbing species (West16). !Shis -would indicate that equilibrium exists 

between a single thallium-dlthizome complex and dithizone under the
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conditions of tills experiment 0

Fig* 1 also shows that the absorption peaks for the thallium-dithizoae 

complex and for dithizone are well separated. The region of each of these 

peaks is particularly suitable for relating absorbajQ.ee measurements to 

thallium concentration» Measurement of the increase in absorbamee due to 

complex formation can be made from 505 to 515 up,. Measurement of the 

decrease in absorbance due to disappearance of dithizone can be made from 

600 to 6lO sp 0 A plot of data taken from Fig. 1 at selected wave lengths 

vithin these regions is given in Fig a 2 0 The curve at 505 n$i is consider­ 

ably more sensitive and conforms to Beer's law* The curve at 606 up 

shows slight deviation from Beer's law. For these reasons all subsequent 

•work was done at 5^5 >|i»

Use of citrate and sulfite

The first extraction of thallium dithizonate is made from solutions 

approximately 0.2M in sodium citrate* The function of the citrate is to 

complex metals that would precipitate as hydroxides or phosphates at the 

high pH used (Welcher17). As the presence of citrate usually has no 

effect on the extraction of dithizonates^ no specific test of its effect 

on the system was made. Ammonium citrate cannot be used to replace 

sodium citrate at the high pH used as ammonia is evolved and variations 

in pH result.

Sodium sulfite is used as a reducing agent to insure that thallium 

is present as thallium (l) and to reduce foreign ions that might other- 

vise oxidize dithizome. Hydroxyla^ine hydrochloride has been frequently 

used for this purpose but ims found to be unsatisfactory in this instance.
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concentration. (Chloroform reference, 1-cm cells.)
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It gives poorly reproducible blanks and occasional erratic absorbaaee 

readings for the thalJLium-dithizonate solutions.

Study of experimental variables

Studies, using single extraction with the dilute ditMzome solution, 

were made of the factors considered in selecting the conditions recommended 

in the procedure. The single extraction studies gave sufficiently 

accurate data at a considerable saving of tine.

Effect of pi and potassium cyanide concentration

Wichman18 presented curves that relate the percent metal extracted 

by a chloroform solution of dithizone to the pE of the solution from 

which the metal was extracted. According to the curve given for thallium (I), 

thallium can be extracted somewhat at a pH slightly above 8 and 

completely at pH values of 10.5 or greater. Our experimental data 

indicated an optimum pH range of 10.3 to 11.5 for the chloroform extraction 

of thallium (l). It also showed no extraction of thallium (l) at a pH 

less than 7.7, thus confirming the curve WicMan had given earlier*

Preliminary experimental data also indicated that dose control of 

pH would be necessary for an accurate and precise method. Within the 

optimum pH range, the absorbance of both the thallium complex and the 

reagent blank varied slightly with change of pH, the absorbance of the 

blank decreasing with increasing pH.

Selection of potassium cyanide for controlling pH was based primarily 

on its ability to buffer within the pH range chosen for the chloroform 

extraction. A further consideration was the desirability of having 

cyanide ion present to prevent the extraction of metals other than
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thallium (I), lead, tin (II) and bismith (Saadell19 ). Subsequent work on 

the simultaneous effect of pH and potassium cyanide concentration, was in 

the pH range of 9»9 to 11*1, the latter pH requiring use of more cyanide 

than would be convenient in practice»

The study of the effect of variation in potassium cyanide concentra­ 

tion upon extraction was made with tiro series of solutions each containing 

the recommended amount of citrate and sulfite* One series was a reagent 

blank and the other contained 50 micrograms of thallium. Amounts of 5 

percent potassium cyanide varying from 0*5 to 10 ml were added to each series, 

and the volumes were adjusted to a total of 20 ml with water. These 

solutions were extracted with 15 ml of dilute dithizone solution* 

Absorbance measurements were made oa the ehlorofona-dithizone extracts, 

and pH measurements were made on the aqueous phase« Results are shown in 

Fig. 5<>

The curves in Fig, 3 diverge over the pH range presented and do not 

show the complete relationship between pi and absorbance. This incomplete 

picture results from the limitation in pH attainable with potassium cyanide* 

Earlier work using sodium hydroxide to attain higher pH values shows that 

the curves reach a maximum divergence at about a pH of 11.5 and then 

converge rapidly* At pH 12*5, the difference in absorbance between a 

reagent blank and the chloroform extract of the thallium (l) dithizonate 

is about 50 percent of the difference at pH 11*5*

Although consideration of Fig* 3 indicates that the greatest 

sensitivity would be obtained when using 10.0 ml of the cyanide solution 

(pH Hoi), 2,0mlof5 percent potassium cyanide (pH 10*5) was selected 

for the recommended procedure. Experience showed that any increase in 

sensitivity obtained when using larger than 2 ml of cyanide
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solution mus ®os?e than offset by loss in reprodueibility of the reagent

Dithizose comcemtzmtiom

Single extraction experiments from the citrate-sulfite-cyanide medium 

were performed to study the effect of variation of dithizone concentration* 

The differences in absorbamce between samples and reagent blanks "were 

measured. They reached a constant value at a concentration of 0.2 mg of 

dithizone per 15 ml of solution when 50 mierograms of thallium were present, 

and at a concentration of O.k ng of dithizome per 15 si of solution iihen 

90 ffiicrograms of thallium -were present.

The effect of shaking time on extraction was studied using blanks 

and solutions containing 20 and 60 micrograms of thallium. Shaking was 

done on a wrist-action shaker for 5 ainute time intervals over a period 

of 3^ minutes. The resulting absorbance values were essentially constant 

from 5 to 15 minutes. The values seemed to rise slightly during the period 

from 15 to 30 minutes. A 10 minute shaking period was selected, although 

shorter periods would undoubtedly be equally satisfactory.

thallium and one containing 1 mg of thallium. The latter corresponds to 

the solution used for pure complex in Fig. 1* Headings were made every 

30 minutes over a six-hour period. The ceH holder containing the
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solutions stood exposed to the artificial light of the laboratory except 

when readings were being taken. Afosorbaaee values decreased rather evenly 

during this period for a total of about two percent* Headings made within 

tlie first tiro hours# however^ were essentially constant and within instru­ 

mental reading error*

Acid»strip and final pH adjustment

When a chloroform solution of thallium dithizonate is sbaken with 

OoQSM nitric acid, the complex is destroyed and the thallium reverts to the 

•water layer. This acid solution is titrated with 0«08M sodium hydroxide 

in the separatory funnel to the first definite yellow color immediately 

after adding 0.05 ml of 0«1 percent methyl red solution from a pipette <> 

Care must b@ taken in the addition of the methyl red solution prior to 

titration* An experiment was made using different amounts of indicator 

dispensed from a dropping bottle * Two drops of solution gaw blanks with 

an average absorbance yalue of 0.130^ while 3 drops gare 0*150 ®®& ̂  drops 

0.171, If the indicator is allowed to stand in the solution too long 

before titration, it may extract tobo ths small volume of chloroform that 

is present in the bottom of the funnel and cause difficulty in seeing the 

end point*

Titration of the acid solution according to the recommended procedure 

results ija a pH very near the neutral point* fhe addition of 2«0 ml of 

5 percent potassium cyaaaide to these solutions leads to closely controlled 

pH in the vicinity of 10<,6* The observed pH variation for a ̂ ven set of 

experiments was no more than 0 01 of a pH unit. The resulting solutions are 

then ready for final extraction of the thaHium-dithizone complex and 

subsequent measurement of absorbamce«
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The thallium is extracted from these solutions by shaking -with 15,0 ml 

of dithizone solution added carefully from a pipette. A concentration of 

0.4 mg of dithizone per 15 ml of chloroform was selected for the second 

extraction as experiments given above established this -would complex at 

least 90 mierograms of thallium, The dit&izone concentration selected for 

the first extraction is three timers that used in the second. This was done 

to insure a large excess of the reagent in the initial separation step.

Conformity to Beer's law

Fig, 4, curve A, is a Beer's lav plot of data obtained using the 

recommended double-extract ion procedure. Values for differences in 

absorbance between sample and reagent blank used to plot this curve are 

averages of data from four experiments performed on different days. The 

pH values for the solution from which tjie extractions were made ranged 

from 10,6 to 10,8, although for a given day varied by no more than 0.1 of 

a pH unit,

The 60-microgram level is the only one determined on all four days. 

At this thallium level the individual values for difference in absorbance 

differed from their average value by a maximum of 5-6 percent and an 

average of 2.5 percent. Four values for difference in absorbance were also 

obtained at the 6o-microgram level in a single experiment. These individual 

values for difference in absorbance differed from their average by a maximum 

of 2.7 percent and an average of 1*4 percent. _

Satisfactory thallium values for some purposes could be obtained by 

a single extraction from the citrate-sulfite-cyanide medium which has a pH
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of approximately 10.6. An experiment using dithizone solution no* 2 (0.4 mg 

ditJaizone per 15 ml) where the more concentrated solution is normally 

used gave the Beer's law curve, curve B, in Fig. k. !EMs curve represents 

a loss im sensitivity of 15 percent over the double-extraction procedure. 

On the basis of the data at hand, the single-extraction procedure lacks the 

reprodueibility that can be obtained with a double extraction*

COfCLUSIOi

Use of the thallium-dithizone mixed-color system has been shown to be 

a reproducible and sensitive method for thallium under properly controlled 

conditions. The only elements that would be significant interferences are 

lead, bismuth, and tin (II). A combination of this dithizone method of 

determination with published methods of separation should result in a use­ 

ful analytical method for thallium in a wide variety of materials including 

those of geologic interest.
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